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ABSTRACT 


plots  were  made  to  illustrate  the  deflections  that 
occured  with  each  rigging  configuration.  The  results 
proved  that  the  tandem  riggings  are  more  favorable  in 
producing  a  straighter  course  for  the  shell  to  travel. 
Since/  to  my  knowledge,  this  is  the  first  time  any 
test  of  this  type  has  been  conducted,  the  initial 
theory  that  the  moments  imparted  at  the  riggers 


affect  the  overall  course  of  the  shell  is  proved  valid. 
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INTRODUCTION 


"The  winning  factor  in  a  crew  race  is  not  the 
chariot  but  the  horses"  can  be  quite  true.  However, 
when  there  are  two  evenly  matched  crews  in  terms  of 
equipment  and  team  members  of  equal  caliber,  other 
factors  determine  the  winner.  Each  time  the  coxswain 
has  to  use  his  rudder  during  a  race  it  slows  the  shell 
down,  which  over  a  2000  meter  course  could  determine 
the  winner  in  a  close  race.  This  led  to  the  purpose 
behind  this  research  in  the  rigging  of  crew  shells. 

Is  it  possible  that  different  rigging  configurations  of 
shells  have  an  effect  on  the  course  in  which  the  shells 
will  naturally  travel,  due  to  the  different  moments 
imparted  on  the  shell  by  the  placement  of  the  oars  ? 

The  theory  used  indicates  that  while  the  force  balance  is 
preserved,  the  moment  balance  is  not.  If  there  is  a 
difference,  it  will  be  in  the  transverse  plane  of  motion. 

Coaches  have  as  many  different  ideas  about  how 
to  rig  a  shell  as  there  are  coaches.  Two  of  the  most 
dominant  ideas  are  the  one  of  "gut  feelings"  and  the 
other  dealing  with  a  numbering  game.  To  some  extent, 
boating  a  crew  has  a  lot  to  do  with  the  personality  of 
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the  oarsmen  and  their  individual  styles  and  quirks. 
Therefore,  after  a  coach  has  determined  his  best  eight 
oarsmen,  he  may  find  that  a  tandem-rigged  shell  may 
best  suit  his  crew  vice  the  Conventional,  port- 
starboard  rigging.  On  the  other  hand,  a  coach  may 
use  the  tandem  rigging  to  give  one  side  better  leverage 
So  as  to  overcome  any  lack  of  strength  that  one  side 
Shows . 


One  way  to  illustrate  this  idea  of  different 
rigging  presenting  superior  leverage  over  another  is  to 
assign  values  to  each  rigger.  This  is  done  by  numbering 
from  the  bow  down  to  the  stroke,  where  the  bow  seat  is 
assigned  the  number  8  and  the  stroke  seat  the  number  1-, 
and  summing  up  the  fturttbers  ort  both  the  port  and  the 
starboard  sides ;  The  bow  rigger  received  the  highest 
value  since  by  location  it  has  the  greatest  effect  oh 
moving  the  bow  of  the  shell,  hence  causing  the  most 
rudder  to  be  used  to  compensate  and  travel  in  a  straight 
line.  After  adding  up  the  riUmBefs,  the  tandem  riggings 
present  a  more  even  comparison  whereby  having  seats 
4  and  5  tandem,  both  sides  have  equivalent  totals.  Thus, 
by  using  a  tandem  rigging  at  4  and  5,  any  side  forces 
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that  may  occur  by  using  the  other  rigs  should  be 
eliminated.  Thereby,  according  to  this  evaluation 
the  coxswain  need  not  use  the  rudder  to  correct  the 
shell's  course  as  much  in  order  to  travel  in  a  straight 
line. 
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STATIC  ANALYSIS 


Before  the  actual  experiments  were  performed 
on  the  shell,  some  theoretical  calculations  were  made. 
The  first  step  in  these  calculations  was  to  determine 
the  resultant  quasi-static  moments  imparted  to  the  shell 
by  each  oar  and  the  resultant  deflection.  Figure  1 
illustrates  how  this  was  accomplished  for  both  a  port 
and  starboard  oar.  Once  the  moments  are  aligned  in 
the  configuration  of  the  shell's  rigging,  instantaneous 
peak  loads  were  applied  at  each  oar  location  along  the 
shell,  treated  here  as  a  free-free  beam.  All  load 
values  were  assumed  to  be  of  equal  value.  From  the 
load  (moment)  diagram,  one  can  integrate  it  to  get  the 
slope  diagram  and  with  a  second  integration,  the 
deflection  diagram  can  be  obtained.  Figures  2,  3,  and 
4  illustrate  this  for  each  of  the  three  rigging 
configurations  being  considered.  After  reviewing  each 
of  the  three  deflection  diagrams  from  this  point  of 
view,  the  rigging  using  a  tandem  at  seats  7  and  6 
seems  to  be  the  best.  The  overall  deflection  of  the 
shell  resembles  a  sine  curve,  thus  yielding  near  equal 
forces  on  each  side  of  the  shell.  Tandem  rigging  at 
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seats  4  and  5  seems  to  point  out  that  it  is  most 
useful  should  one  side  of  the  crew  be  physically 
stronger  than  the  other  side.  The  conventional 
rigging  shows  an  increasing  deflection  arm  as  one 
moves  toward  the  bow. 
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Resultant  Moments 
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DYNAMIC  ANALYSIS 


As  a  preliminary  search  for  the  vibration  that 
a  crew  shell  may  encounter,  a  computer  program, 

EN*  *  * ; NATVIBR  was  used.  This  program  illustrates 
mode  shapes  and  their  relative  magnitudes  along  the 
length  of  the  shell.  Before  using  this  program,  body 
plans  of  the  shell  had  to  be  made.  The  shell  was 
divided  into  ten  stations  from  which  cross-sectional 
views  were  drawn.  Figure  4a.  A  mechanical  integrator 
was  used  to  compute  the  2nd  moment  of  the  structural  area 
for  each  station.  The  stations  were  drawn  to  scale  by 
offsets  obtained  from  measuring  the  shell.  To  ensure 
accurate  readings,  each  station  was  traced  a  minimum 
of  three  times  by  the  integrator  to  obtain  an  average 
reading.  The  inside  braces  were  added  in  the  computations 
since  they  added  to  the  longitudinal  stiffness.  After 
obtaining  the  average  readings  for  area,  moment  of  area 
and  moment  of  inertia,  the  following  equations  supplied 
by  the  manufacturer  were  used  to  calculate  the  final  Area, 
Moment  of  Area  and  Moment  of  Inertia  at  each  station. 


Area 

.  04A 

m2 

Moment 

of 

Area 

.  16m 

m3 

Moment 

of 

Inertia 

( . 32A  - 

.11)  m4 
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The  input  data  required  to  run  the  computer 
program  for  vibration  analysis  are:  Young's  Modulus 
(E  =  13  x  10^  psi  for  wood) ,  distance  between  each 
station,  total  mass  at  station  per  unit  length  and 
2nd  Moment  of  Inertia  -  obtained  from  the  integration. 

When  computing  the  total  mass  at  each  station 
calculations  were  performed  to  include  the  factor 
of  added  mass.  This  was  done  by  following  the  rules 
that  Dr.  L.  Landweber  and  M.  C.  de  Macgro  set  forth 
in  their  paper  "Added  Mass  of  Two  Dimensional  Forms 
Oscillating  in  a  Free  Surface."  Two  computations  were 
performed:  one  with  and  one  without  the  weight  of 
the  oars.  There  was  no  significant  change  in  the 
calculated  mode  shape  and  natural  frequences  when 
the  two  were  inputed  into  the  computer  program.  Also 
required  was  Z,  rotary  moment  of  inertia  and  KAG,  shear 
deformation  value;  however,  in  the  case  neither  value 
was  crucial  so  an  extremely  large  number  was  entered 
for  these  values. 

The  output  of  this  program  yielded  the  natural 
frequencies  at  different  modes.  Also,  since  the  results 
were  printed  out  in  a  graphical  format,  the  locations 


12 


where  zero  deflection  occurs  were  determined  for  the 
shell.  This  information  is  later  used  in  the  determi¬ 
nation  of  the  locations  for  accelerometers. 
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Body  Plan  at  Station  9 
Figure  4b  15 


EXPERIMENT 


The  field  experiment  used  to  determine  if,  in 
fact,  there  are  measurable  variations  in  the  side 
deflections  present  due  to  the  different  riggings 
centered  around  the  use  of  four  accelerometers. 

A  George  Pocock  eight-oared  racing  shell  was  used 
as  the  test  platform. 

Four  accelerometers  were  equally  separated  along 
the  length  of  the  shell  and  placed  on  the  center  line. 
The  reasoning  in  using  four  accelerometers  is  due  to 
the  fact  that  this  was  the  limiting  number  that  the 
portable  data  acquisition  system  can  handle.  Their 
location  was  determined  by  ABS  rules  which  stated  that 
there  should  be  two  placed  at  the  ends  and  the  rest 
spaced  evenly  in  between.  To  ensure  that  the 
other  two  accelerometers  were  not  placed  on  points  of 
predicted  nodes,  the  results  of  dynamic  analysis  was 
used.  The  node  points  were  computed  to  be  14.6  ft. 
and  43.8  ft.  from  the  stern.  Ideally,  having  the 
accelerometers  evenly  spaced,  they  would  have  been 
located  at  19.5  ft.  intervals.  However,  due  to  the 
bracing  arrangement,  these  distances  could  not  be  used. 
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The  closest  points  were  used  to  secure  the  acceler¬ 
ometers  which  were  located  19  ft.  and  39  ft.  from  the 
stern.  The  (lg)  accelerometers  were  all  attached 
together  at  a  common  point  at  the  stroke's  foot 
stretcher  from  which  the  cable  ran  over  the  side  to 
the  following  chase  boat.  The  chase  boat  was  used  to  carry 
the  instruments  thus  avoiding  the  added  weight  in  the  crew 
shell  itself.  The  equipment  used  consisted  of  :  (2)  12V 

batteries,  AC-DC  converter,  accelerometer  power  supply 
and  a  tape  recorder.  A  sketch  of  the  set-up  can  be 
found  in  the  appendix  A.  During  the  tests,  all  the  data 
was  recorded  on  an  FM  modulated  frequency  tape.  After 
the  conclusion  of  the  field  test,  the  tape  was  taken 
back  to  the  laboratory  and  processed  through  an 
analog  computer;  thereby  determining  the  initial 
responses  before  going  on  to  a  digital  computer  for 
a  more  accurate  analysis. 

A  stroke  watch  was  used  to  insure  that  a  constant 
stroke  rate  was  maintained  during  each  period  of 
recording. 


17 


The  shell  was  rowed  by  members  of  the  U.  S. 

Naval  Academy  Light  Weight  Crew  Team,  and  the 
shell  averaged  155  pounds  per  man.  The  course  over 
which  the  tests  were  run  was  a  500  meter  course  on 
College  Creek.  The  general  weather  conditions  were 
a  light  rain,  no  wind  and  flat  water.  The  shell 
was  rowed  with  three  different  rigging  configurations: 
a  conventional  (alternating  port-starboard) ,  tandem 
at  7  and  6 ,  and  tandem  at  4  and  5 .  Two  stroke  rates 
were  used  for  each  rigging:  that  of  30  and  32  strokes 
per  minute.  At  the  conclusion  of  the  test  runs,  the 
accelerometers  were  checked  to  insure  proper  calibration 
and  zero  signal  values  recorded. 
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RESULTS 


During  the  course  of  the  data  collection,  the  bow 
accelerometer's  signal  became  increasingly  noisy.  Due 
to  this  occurence  after  the  first  run,  the  data  from 
the  bow  accelerometer  was  not  used.  With  the  loss  of 
the  bow  accelerometer,  the  effect  on  the  results  were 
noticable,  however  not  significant.  Graphs  of  the 
final  output  were  obtainable  with  three  data  points 
and  the  pattern  was  consistent.  A  repeat  of  the 
experiment  could  have  insured  the  proper  performance 
of  all  four  accelerometers;  however,  due  to  time 
constraints,  weather  conditions  and  the  availability 
of  the  crew  facilities,  the  field  test  could  only  be 
performed  one  time. 

For  each  run  of  data,  a  30-second  period  was 
used  in  the  analysis  while  each  run  was  about 
100  seconds  in  length.  From  this  period  a  Power 
Spectrum  Density  (PSD)  was  performed.  This  took 
the  signal  and  for  each  frequency  from  0  to  30  Hz  the 
maximum  PSD  was  determined.  Before  filtering  the 
signal,  the  tape  was  played  and  a  print  out  from  the 
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script  recorder  chart  was  secured.  From  this  chart 
of  accelerations  vs.  time,  noticable  points  of  the 
stroke  could  be  identified.  At  the  catch  it  could 
be  noted  when  the  oar  blade  was  emerged  in  the  water 
and  by  speeding  up  the  script  chart's  speed,  any  delay 
inbetween  immersion  and  power  application  could  be 
ascertained.  The  release  was  also  quite  visible. 

Upon  using  filters  of  60,  50,  20,  10  and  5  Hz,  it  was 
determined  that  the  50  and  20  Hz  filters  worked  the  best 
to  eliminate  the  higher  frequencies  while  not  effecting 
the  overall  response  sought.  The  5  Hz  filtered  too  much 
and  the  60  Hz  filtered  not  enough  of  the  noise  for  it 
appeared  as  if  there  were  some  60  Hz  frequency  present. 
The  20  Hz  filter  was  chosen  to  be  used.  Figures  5-10 
show  graphically  how  the  max  PSD  at  each  accelerometer 
stands  for  the  different  riggings. 

Another  means  to  compare  the  different  riggings 
is  to  compute  the  instantaneous  deflections  that  occur 
at  the  points  along  the  shell  where  the  accelerometers 
were  located.  A  listing  of  the  deflections  is  given 
in  Table  1.  The  best  method  to  compare  the  effects 
of  the  different  rigging  configurations  on  a  shell  is 
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in  the  real  time  frame,  for  here  can  be  seen  how  the 
shell  reacts  at  a  given  point  in  time.  Looking  at  the 
overall  print-out  of  the  different  accelerometers, 
a  short  time  lag  can  be  seen  between  each  accelerometer 
for  a  given  peak  in  the  read-out  indicating  that  the  shell 
is  not  rotating  as  a  rigid  body.  Thus,  evidence  of 
a  transverse  vibration  of  the  shell  is  shown. 

In  plotting  the  conventional  rigging  on  real  time, 
both  stroke  rates  illustrated  the  same  pattern  as  do 
the  other  two  configurations.  The  conventional  rig 
shows  a  definite  pattern  of  "sway."  Figures  11  and 
12  support  the  theory  that  this  rigging  produces  a 
sideward  pull,  thereby  causing  the  coxswain  to  use  his 
rudder  more  in  order  to  steer  his  course.  The  real 
time  graphs  (figures  13  and  14)  for  the  tandem  rigging 
of  seats  7  and  6  again  follow  along  the  line  predicted. 

The  movement  illustrated  by  the  accelerometer  is 
similar  to  that  of  a  sinusoidal.  The  side  forces 
seen  here  present  opposing  forces,  hence  making  for 
a  better  overall  straight  course  for  the  shell  to 
travel.  The  tandem  rigging  of  seats  4  and  5  did  not 
follow  the  expectation  calculated  in  the  static 
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analysis.  Instead  of  suggesting  an  overall  pull 
to  one  side,  the  side  forces  alternated  sides  in  the 
real  time  graph.  When  plotting  the  PSD  data,  this 
rigging  seemed  to  show  a  fishtail  effect.  Figures  15 
and  16  show  this  arrangement  of  side  forces. 
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CALCULATIONS 


I 

! 
i 

^  1  Af  (/PSD  )=  g's 

i  2  g's  x  32.2  fps2  =  __  fps2 

3  fps2/a>2  =  deflection  in  feet 


where; 

cc  ~  2>f=  2  <>  (0 .2)  =  1.26  rad/sec 


ACCELEROMETER  MEASUREMENTS 
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REAL  TIME 


Stroke 

Rate 

Rigging 

Bow 

Mid  B 

Mid  S 

Stern 

Time 

(Sec) 

30 

Conventional 

-0.18* 

0.09 

0.07 

0.17 

49 

Tanden  7  &  6 

— 

0.10 

-0.09 

-0.03 

57.5 

Tandem  4  &  5 

— 

0.06 

-0.08 

0.06 

48 

32 

Conventional 

— 

0.14 

0.06 

0.26 

49.5 

Tanden  7  &  6 

— 

0.08 

-0.06 

-0.10 

48 

Tandem  4  &  5 

_ 

0.11 

-0.03 

0.15 

45.5 

*  Reverse  (+)  Axis 

Distances  accelerometers  from  stern 

Stern  1  ft 
Mid  S  19  ft 
Mid  B  39  ft 
Bow  57.5  ft 

LOA  58.5' 


TABLE  2 
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DISCUSSION  OF  RESULTS 


Having  to  rate  which  rigging  configuration  is  the 
best  is  for  the  most  part  still  suggestive.  However, 
presented  here  are  some  experimental  facts  obtained 
from  an  original  full-scale  test  to  help  support 
a  coach's  view  as  to  which  one  he  uses.  Of  the  three 
rigging  configurations  tested,  the  tandem  rigging  at 
seats  7  and  6  provided  the  best  arrangement  of  side 
forces.  By  cancelling  one  another,  similar  to  a 
sine  wave,  this  rigging  allows  the  shell  to  travel 
in  the  straightest  course  reducing  the  coxswain's 
frequent  requirement  to  use  his  rudder. 

Tandem  at  4  and  5  seats  yielded  a  graph  that 
seems  to  illustrate  that  the  shell  has  a  definite 
pivot  point  located  near  the  2  seat.  With  this  obivious 
pivot  point,  the  rudder  is  presented  with  a  large 
moment  arm,  hence  reducing  the  amount  of  rudder  needed 
to  make  course  changes  and/or  corrections. 

The  conventional  rig  presents  a  definite  side 
-force,  hence  requiring  the  coxswain's  use  of  the  rudder 
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to  continue  in  a  straight  course. 


It  must  be  kept  in  mind  that  while  this  report 
chooses  one  rigging  over  a.wcher,  each  crew  has  its 
own  independent  personality,  for  a  team's  physical 
rowing  ability  and  personal  chemistries  may  have 
a  bearing  as  to  which  rigging  configuration  is  used. 
However,  this  report  presents  a  point  from  which 
a  coach  can  start  to  decide  on  the  rigging  configuration 
that  will  best  suit  his  crew. 
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FUTURE  WORK 


In  an  effort  to  continue  along  this  area  of 
experimentation,  further  work  can  be  done  to  improve 
the  results  from  this  original  trial.  Now  available 
from  the  U.S.N.A.  Naval  Systems  Department  is  a  self- 
powered  recorder.  This  recorder  has  the  same  features 
as  the  one  used  during  the  test  but  is  smaller  and 
compacted  into  One  unit  so  that  it  could  be  operated 
from  the  coxswain's  lap.  FrOlh  this  point  of  operation 
no  chase  boat  would  be  required,  thus  alleviating 
any  dampening  action  on  the  shell  by  the  trailing 
wire.  Also,  this  unit  has  the  capability  of  using 
16  transducers  vice  4.  Therefore  more  data  points 
could  be  obtained  for  a  better  overall  correlation 
and  print  out  of  just  what  is  actually  happening. 

In  addition  to  checking  the  motion  in  the  transverse 
axis,  data  could  be  collected  from  points  where  nodes 
are  expected  to  occur  and  measurements  made  of  the 
longitudinal  accelerations. 
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Class  Notes 


EQUIPMENT  CHECKLIST 


2  -  12V  batteries 

Abbott  DC/AC  Inverter 

AC  junction  box 

Vetter  4  channel  recorder 

with  microphone  and  headset 

Accelerometer  power  supply  box 

Coax  cable 

with  100  ft  shock  compliance  cord  used 
between  the  chase  boat  and  the  shell 

4  -  lg.  accelerometers 
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Appendix  B 

Computer  Program  and  Required  Data 


"Added  Mass  of  Two-Dimensional  Forms  Oscillating  in  a  Free  Surface" 
Dr.  L.  Landweber  and  M.  C.  deMologna,  Journal  of  Ship  Research.  Nov  1979, 
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3  0.110 
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Appendix  C 

Natural  Vibration  Modes  Computer  Output 


subsequent  errors 


Appendix  D 
Test  Data 
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Test  Data 
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Bow  Jim  Yohe 

2  Mike  Hamele 

3  Chuck  Smith 

4  Charlie  Kanewske 

5  Dave  Wessin^r 

6  Rob  Niewoehner 

7  Fred  Tettetbach 
Stroke  Jim  Genter 

Cox  Dan  Pederson 


Location  of  Accelerometers 


STERN 


BOW 


Appendix  E 
Computer  Printout 


